Abstract The growing trend to manage hepatic injuries nonoperatively has been increasing demand for advanced endovascular interventions. This brings up the necessity for general and trauma surgeons to update their knowledge in such matter. Effective treatment mandates a multispecialty team effort that is usually led by the trauma surgeon and includes vascular surgery, orthopedics, and, increasingly, interventional radiology. The focus on hemorrhage control and the angiographer's unique access to vascular structures gives interventional radiology (IR) an important and increasingly recognized role in the treatment of patients with hemodynamic instability. Our aim is to review the basic concepts of IR primarily in hepatic trauma and secondarily in some other special situations. A liver vascular anatomy review is also needed for better understanding the roles of IR. As a final point we propose a guideline for the operative/ nonoperative management of traumatic hepatic injuries. The benefit of multidisciplinary approach (TAE) appears to be a powerful weapon in the medical arsenal against the high mortality of injured trauma liver patients.
Introduction
The growing trend to manage hepatic injuries nonoperatively has been increasing demand for advanced endovascular interventions [1] [2] [3] [4] . This brings up the necessity for general and trauma surgeons to update their knowledge in such matter.
Effective treatment mandates a multispecialty team effort that is usually led by the trauma surgeon and includes vascular surgery, orthopedics, and, increasingly, interventional radiology [5, 6] . The focus on hemorrhage control and the angiographer's unique access to vascular structures gives interventional radiology (IR) an important and increasingly recognized role in the treatment of patients with hemodynamic instability.
Our aim is to review the basic concepts of IR primarily in hepatic trauma and secondarily in some other special situations. A liver vascular anatomy review is also needed for better understanding the roles of IR. As a final point we propose a guideline for the operative/nonoperative management of traumatic hepatic injuries.
History
Charles Dotter dreamt up IR in the early 1960s and first officially declared about it on June 19, 1963 , at the Czechoslovak Radiological Congress (Czech Republic). In his more than 1-hour speech, Cardiac Catheterization and Angiographic Techniques of the Future, he discussed, among other topics, catheter biopsy, controlled exit catheterization, occlusion catheterization for various purposes, and the rationale of catheter endarterectomy [7] [8] [9] [10] (Table 1) .
The interventional radiologists started developing endoscopic procedures on the liver in 1974 and on trauma in 1973 for pelvic hemorrhages.
Using real-time imaging, the specialist guides the catheter through the artery and then releases clotting agents into the blood vessels, slowing the blood flow and stopping the hemorrhage from the inside out.
In another way, interventional radiologists can inflate a balloon inside the artery just like in angioplasty, to stop the bleeding and stabilize the patient so that the surgeon can treat the wound. Often with massive hemorrhage, there is so much blood coming at the surgeon that it is impossible for him/her to see the wound from the outside in order to repair it. Since interventional radiologists visualize what they are doing from the inside of the vessel using imaging, they can see the blood supply, stop the bleeding, and pinpoint the location of the wound for the surgeon or for embolization treatment [11] [12] [13] .
The management of foremost hepatic trauma persists to advance. Formerly, mortality rates as high as 50-80 % have been reported for severe hepatic injury [14] . Mortality rates are highest in patients with injuries to the hepatic veins and retrohepatic vena cava and in those presenting in shock requiring emergent laparotomy [15] . In the 1970s, hepatic packing emerged as an effective adjunct for hemorrhage control and has been used extensively since the advent of damage control laparotomy (DCL).
The theory of damage control was developed in an effort to improve outcome in patients with vascular and multiorgan injuries. The rationale for damage control is that, although control of hemorrhage and contamination is necessary, the time required for formal resections and reconstruction may aggravate the cycle of coagulopathy, acidosis, and hypothermia [16] .
Asensio et al. [5, 13, 17] reported mortality rates as low as 8-22 % for severe hepatic trauma (AAST-OIS over grade III). These improved patient outcomes have been achieved with the use of both angio-embolization (AE) and DCL in patients with complex hepatic trauma [18] . The benefits of AE in a multimodality approach to hepatic trauma have been demonstrated; however, the morbidity associated with the use of AE and the subsequent liver-related complications have yet to be fully elucidated [19] .
Liver Anatomy
Liver anatomy has not changed with time; however, it is very important to make a quick review of it before talking about its management [20] .
There are many anatomical and functional descriptions of the liver anatomy. In the classical description, the external appearance of the liver is used to describe the anatomy. However, there are many differences between this classical model and the functional models, as popularized by Couinaud.
Correspondingly to the Couinaud model, the liver can be divided in eight functionally independent segments, which are related to the portal network ramifications. Each segment has its own vascular inflow, outflow, and biliary drainage [21] .
Because of this division into self-contained units, each can be accessed by IR or even resected without damaging those remaining. In the centre of each segment, there is a branch of the portal vein, hepatic artery, and bile duct. In the periphery of each segment, there is a vascular outflow through the hepatic veins [22] .
For the liver to remain viable, resections must proceed along the vessels that define the peripheries of these segments. In general, this means resection lines parallel the hepatic veins while preserving the portal veins, bile ducts, and hepatic arteries that provide vascular inflow and biliary drainage through the centre of the segment [23] .
The common hepatic artery is one of the three major branches of the celiac axis. After giving off the gastroduodenal artery, the main hepatic artery continues and divides into the right and left hepatic arteries. The portal vein divides into the right and left branches. Three major hepatic veins drain into the IVC in 70 % of cases, but in the remaining 30 % accessory veins occur [21, [23] [24] [25] .
Hepatic Trauma
Blunt or penetrating trauma may lead to intraparenchymal laceration and hematoma, subcapsular hematoma, or capsular [26] . Imaging plays an important role in the assessment of the nature and extent of hepatic trauma except where the injuries are immediately life-threatening and require emergency surgery. Information regarding the type of lesion and its anatomical location in relation to the major hilar structures and the confluence of the hepatic veins and IVC can be rapidly obtained and used to guide subsequent management. Asensio and contributors [5, 13] described the complex hepatic injuries (grades IV and V) as highly lethal. In one study regarding multidisciplinary approach, they presented 75 patients who sustained penetrating (63 %) and blunt (37 %) injuries. Authors demonstrated the overall survival as 69 %; adjusted survival excluding patients requiring emergency department thoracotomy was 76 %. Authors showed the benefit of angiography and angioembolization as indicated: 12 % mortality among those who received it versus 36 % mortality among those who did not (P00.074). After all Asensio et al. conclude that the multidisciplinary approach to the management of these severe grades of injuries appears to improve survival in these highly lethal injuries.
In another series of 103 patients [13] , the authors also account that improvements in mortality can be achieved with an appropriate operative approach and as an adjunct procedure the angioembolization decreases mortality in AAST-OIS grades IV and V hepatic injuries. This study included patients with a mean injury severity score of 33± 9.5. Mechanism of injury was penetrating in 79 % and blunt in 21 %. Adjusted overall survival rate after emergency department thoracotomy patients were excluded was 58 %.
Velmahos et al. [27, 28] report that nonoperative management of liver injuries is safe and effective regardless of the grade of liver injury.
The management of gunshot injuries to the abdomen has remained unchanged for many decades, with mandatory laparotomy being the standard practice. However, this concept has been challenged and some centers with extensive experience with penetrating injuries practice a selective nonoperative management [29, 30] . Demetriades and colleagues [29] reported the selective nonoperative management for gunshot injuries to the liver. During a 42-month period, a total of 928 patients were admitted with abdominal gunshot injuries, 16 % of whom had a liver injury. The authors demonstrated a pool of 52 patients (34 % of all liver injuries) in whom the liver was the only injured intra-abdominal organ. Overall, the authors conclude that selected patients with isolated grades I and II gunshot wounds to the liver can be managed nonoperatively. Selective nonoperative management of penetrating abdominal solid organ injuries looks to be safe and effective even when performed in combat casualties [30] [31] [32] .
The integration of interventional radiologic procedures, particularly angioembolization, represents a logical extension of modern damage control techniques [19] . About 50 % of stab wounds to the anterior abdomen and about 85 % of stab wounds to the posterior abdomen can safely be managed nonoperatively.
A stable AAST liver grade II or III patient is a good example where angioembolism can be successfully used in either adults or children [30, [33] [34] [35] .
Complications after transcatheter arterial embolization (TAE) include delayed hemorrhage, hepatic necrosis, infection/sepsis, and biliary fistula. These are usually found via abnormal physical findings on abdominal CT or ultrasonography. Fever is a common sign, occurring in as many as 69 % of patients who have TAE [36, 37] .
The flow chart represents a guideline proposal for the operative/nonoperative management of the hepatic trauma (Fig. 1) .
Vascular Interventional Techniques
Vascular interventional techniques in the liver can be divided into the following broad categories: Hepatic arterial bleeding may occur into the biliary tree, into the hepatic parenchyma, or into the peritoneal space, and most commonly occurs as a result of accidental trauma; other causes include neoplastic disease and arteritis such as polyarteritis nodosa. Arterial hemorrhage is often extremely difficult to manage surgically, as simple ligation of the main hepatic artery (which is often all that can be performed at operation) will frequently fail to control bleeding due to the extensive collateral arterial supply that exists in the liver [36] . A percutaneous angiographic technique, on the other hand, allows selective catheterization and occlusion of the abnormal vessel in the majority of cases, and this should be the procedure of first choice in most instances [38] .
Selective arterial artery embolization for liver traumatic injuries has been described since 1977 [39] . Once a source of hemorrhage has been identified, the aim should be to isolate the abnormality from the hepatic arterial tree, if this is possible. This requires selective catheterization and occlusion of the vessel beyond the arterial injury first, and then its occlusion more proximally. In many instances this procedure will require the use of a coaxial catheter (one that passes through the central lumen of the diagnostic catheter). Embolization is usually performed with metallic coils. In the majority of cases, surgery is avoided [40] [41] [42] .
Special Situations: Tumor Embolization
The majority of liver tumors, whether primary or secondary, derive most of their blood supply from branches of the hepatic artery, with little or no supply from the portal vein. The portal vein, on the other hand, provides 70 % or more of the blood reaching the liver and can deliver a considerable proportion of its oxygen supply. It is possible, therefore, to render a hepatic tumor largely ischemic by occluding its arterial supply, while the surrounding normal liver parenchyma remains well perfused by portal blood (provided of course that the portal venous inflow to the liver is not compromised). This technique has gained widespread acceptance as a useful palliative treatment of HCC and metastatic neuroendocrine tumors. Both of these neoplasms are usually highly vascular and will thus often respond well to this form of therapy [43] .
Hepatic Arterial Infusion Techniques
The infusion of chemotherapeutic agents into the liver via the hepatic artery or the portal vein, in order to deliver a higher concentration of chemotherapeutic agent, can be safely achieved via an IV route to treat metastatic disease or primary HCC. There has been resurgence of interest in intra-arterial therapy because of the ability of radiologists to place, percutaneously, long-term indwelling hepatic arterial catheters. The technique involves the selective catheterization, via a femoral or axillary artery puncture, of the hepatic artery to be infused with a suitable long-term catheter, which is then attached to a subcutaneous port into which the medication to be infused is injected [40, 41] . 
Portal Vein Embolization
The main indications for embolization of the portal vein are to induce hepatic lobar hypertrophy and to treat certain liver tumors; the latter is usually combined with hepatic arterial embolization.
Patients with hepatic tumors who would otherwise not be surgical candidates because of an insufficient volume of normal liver to allow resection may benefit from embolization of the portal vein supplying the tumor-containing lobe. This produces significant hypertrophy of the contralateral hepatic lobe and has proved to be both safe and effective, especially in those individuals with a small left lobe who require a right, or extended right, hepatic resection [44] [45] [46] [47] .
Although rare and often a fatal condition in surgical patients, portal vein air embolization after blunt trauma has already been described with clinically benign course and spontaneous resolution [48, 49] .
Transjugular Portosystemic Stent Shunt
TIPSS involves the creation of a track between the portal vein and one of the hepatic veins, followed by insertion of a stent to maintain its patency. It is often life-saving in patients with acute visceral hemorrhage who have not responded to emergency endoscopic sclerotherapy, and this remains its major indication [50, 51] . Other clinical situations in which TIPSS placement may be useful include severe abdominal ascites due to liver disease that is resistant to medical therapy, BuddChiari syndrome (BCS) and hepatorenal syndrome [52, 53] .
Hepatic Venous Intervention
The major indication for hepatic venous intervention is the investigation and treatment of BCS. In patients with stable liver function, the surgical fashioning of a portosystemic shunt has been advocated as the most appropriate treatment option. However, patients who have short-segment occlusions of the hepatic veins or IVC may be successfully managed by angioplasty. Bypassing IVC and intrahepatic venous occlusions is not always straightforward, and may require approaches from a combination of transjugular, transfemoral, and transhepatic routes. In those patients in whom it is not possible to restore hepatic venous drainage due to either impassable intrahepatic occlusions or extensive venous thrombosis, TIPSS insertion may provide an alternative to surgical shunting. This procedure has two advantages over the alternative of a surgical shunt: first, it does not compromise subsequent hepatic transplantation should this become necessary; and, second, it bypasses the caval stenosis that is commonly present in patients with BCS due to associated caudate lobe hypertrophy [54] [55] [56] .
Conclusion
The advances in modern street armamentarium and the cumulative amount of wounds per patient, linked with improved prehospital care, have resulted in more severely injured patients arriving alive to urban trauma centers.
Rolling hemorrhage after damage control laparotomy remains a most challenging problem. In the postoperative period, it is often difficult to differentiate active hemorrhage of parenchymal vessels from the nonmechanical, coagulopathic bleeding commonly faced in this population of patients. In supplement, an urgent return to the OR for reexploration represents a terrific re-insult on a patient who is often at the lowest point of physiologic reserve. The benefit of multidisciplinary approach (TAE) appears to be a powerful weapon in the medical arsenal against the high mortality of injured trauma liver patients.
Nonoperative management of hepatic trauma is becoming the standard of care in many trauma centers worldwide. Knowledge on IR adds an important advantage in the set of options when treating these severe lesions.
